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INTRODUCTION 


HACK.  GROUND 

1  I  lie  TH-f>n.\.  with  production  dewing  kit,  has  been  cleared  for  flight  into  moderate 
icing  conditions.  I  he  I  H-hoA  helicopter  Quick.  Fix  system  comprises  a  UH-60A  modified 
to  accept  an  A.Q  ALQ- 1 5  1  ( V>2  countermeasures  system  and  other  mission  equipment. 

1  he  associated  antennas  o!  the  EH-60A  alter  the  overall  ice  accretion  characteristics.  The 
YEH-60A  and  the  FU-b()A  have  undergone  natural  and  artificial  icing  airworthiness  tests 
frets  1  and  2.  app  A)  and  have  been  determined  to  be  unsuitable  for  flight  into  icing 
environments.  1  he  l  ,S.  Army  Aviation  Systems  Command  (AVSCOM)  directed  th®  I  S. 
Armv  Aviation  Engineering  Flight  Activity  ( AEFA)  to  conduct  further  natural  icing  tests  of 
the  EH  -nft.A  helicopter  (ref  3)  with  revised  antenna  configuration  in  accordance  with  the 
approved  lest  plan  (ref  4i.  Specilic  differences  between  the  test  aircraft  and  previously 
tested  configurate  ins  were  upgraded  direction  finding  (DF)  antenna  insulator  housings;  an 
irnprov ed  electronic  countermeasures  (ECM )  antenna  actuator  assembly;  the  installation  of 
dummy  active  DF  antennas;  and  extended  landing  gear  sponsons. 

TEST  OBJECTIV  E 

2  The  objective  of  this  test  was  to  obtain  limited  natural  icing  flight  test  data  to  provide 
AVSCOM  with  the  basis  for  establishing  an  envelope  for  flight  into  moderate  icing 
conditions  tor  the  EH-60A  helicopter  Quick  Fix  system. 


DESCRIPTION 

3.  The  EH-60A  helicopter  Quick  Fix  system  is  a  twin  turbine,  single  main  rotor  helicopter 
designed  to  mo  e  an  ail-weather,  day  and  night  capability  to  identify,  locate  and  jam  ground 
based  communications  transmissions.  The  airframe  is  a  L  H-60A  helicopter  modified  to 
accommodate  special  electronic  mission  equipment  and  aircraft  survivability  equipment. 
The  TH-60A  de/a nt i— icing  equipment  comprises  main  and  tail  rotor  blade  electrical 
deicing;  a  Rosemount  ice  detector/icing  rate  meter;  electrical  pitot  tube,  droop  stop  and 
windshield  anti-icing  heaters;  and  engine  intake  anti-ice  protection  by  bleed  air.  External 
changes  to  the  LH-60A  as  a  result  of  the  installation  of  the  Quick  Fix  system  include  a 
-ingle  retractable  ECM  whip  antenna  underneath  the  rear  fuselage,  two  DF  dipole  antennas 
on  each  side  of  the  tail  boom,  one  AN/ALQ-162  radar  countermeasures  antenna  on  the 
nose  and  another  on  the  tail,  four  AN/ALQ-156  countermeasures  antennas  on  the  main 
fuselage  and  an  additional  M-130  chaff  dispenser  on  the  left  side  of  the  tailboom.  The  test 
aircraft  was  .-quipped  with  a  hover  infrared  suppressor  subsystem,  an  AN/ASN-132 
integrated  inertial  navigation  system,  extended  main  landing  gear  sponsons  (housing 
four  rev  vibration  absorbers)  and  four  dummy  active  direction  finding  antennas  mounted 
on  the  bottom  of  the  fuselage.  A  description  of  the  EH-60A  is  contained  in  the  UH-60A 
Operator's  Manual  (ref  5)  and  additional  details  of  the  lest  aircraft,  S/N  86-24569,  are  in 
appendix  B. 

4.  A  IT -2! A  configured  with  cloud  calibration  equipment  was  used  to  document  icing 
v loud  liquid  water  content  il.WC),  particle  si/.e.  outside  air  temperature  and  relative 
humuiiiv  ana  is  described  in  appendix  C. 


1 


TEST  SCOPE 


5.  Eight  natural  icing  flight  tests  were  conducted  in  the  vicinity  of  Duluth,  MN  from 
25  February  to  13  March  1989.  A  total  of  14.4  hours  were  flown  of  which  11.1  were 
productive  in  a  natural  icing  environment.  Specific  test  conditions  are  presented  in 
table  1.  Flight  limitations  contained  in  the  operator’s  manual  (ref  5)  and  the 
airworthiness  release  (ref  6)  were  observed  during  all  flights.  A  crash  rescue  UH-1H  was 
supplied  by  the  U  S.  Army  Reserve  from  St.  Paul,  MN. 

TEST  METHODOLOGY 

6.  Natural  icing  tests  were  conducted  by  flying  the  aircraft  under  instrument  flight  rules 
in  appropriate  instrument  meteorological  conditions  which  had  usually  been  located  and 
documented  in  advance  by  the  JU-21A  chase  aircraft.  Following  the  icing  encounter,  the 
test  aircraft  exited  the  cloud  and  was  immediately  photographed  in  flight  from  the 
JU-21A.  A  landing  was  then  accomplished  as  soon  as  possible  to  permit  further 
photography.  Ice  shedding  characteristics  were  qualitatively  assessed  by  the  test  aircraft 
crew. 

7.  Aircraft  Rosemount  LWC  readings  were  correlated  with  the  rate  of  ice  accretion  on  a 
visual  ice  accretion  probe  and  with  data  obtained  from  the  cloud  calibration  equipment 
on  board  the  JU-21A.  Video  cameras  were  used  to  observe  the  behavior  of  the  ECM 
antenna  and  to  record  DF  dipole  antenna  motion  and  ice  accretion.  A  detailed 
description  of  special  equipment  and  instrumentation  is  presented  in  appendix  C. 

8.  Data  analysis  methods  and  definitions  of  icing  severities,  shortcomings  and 
deficiencies  are  presented  in  appendix  D. 


appendix  D  for  method  of  calculation  of  average  liquid  water  content. 


RESULTS  AND  DISCUSSION 


C.ENERAL 


9.  Natural  icing  tests  were  conducted  to  provide  data  for  the  establishment  c!  a 
moderate  icing  flight  envelope  for  the  EH-60A  helicopter  Quick  Fix  system.  Two 
deficiencies  were  noted:  the  design  of  the  electronic  countermeasures  (ECM)  antenna 
assembly  and  mount  which  caused  excessive  ice-induced  oscillations  and  subsequent 
damage  to  both  the  ECM  actuator  and  its  mounting  structure;  and  the  poor  reliability  of  the 
integrated  inertial  navigation  system  (HNS)  navigational  processing  unit  (NPU).  The 
lollowing  shortcomings  were  identified:  the  loosening  of  the  direction  finding  (DF) 
antennas  after  icing  flights,  the  inaccuracy  of  the  Rosemount  icing  rate  meter  and  poor 
I  INS;  flight  instrument  integration.  The  deficient  design  of  the  ECM  antenna  assembly 
should  be  rectified  before  the  EH-60A  is  permitted  to  operate  in  icing  conditions  with  the 
ECM  antenna  extended.  Regular  post-icing  flight  maintenance  of  the  DF  antennas  should 
be  carried  out  until  the  design  and  assembly  of  the  DF  antenna  insulator  housings  is 
improved. 


ELECTRONIC  COUNTERMEASURES  ANTENNA 

in  The  ice  accretion,  ice  shedding  and  oscillation  characteristics  of  the  extended  ECM 
antenna  were  evaluated  over  a  total  of  3.1  hours  during  flights  one  through  three.  The 
effect  of  ECM  antenna  ice  accretion  on  the  operation  of  the  ECM  system  was  not 
assessed.  The  behavior  of  the  ECM  antenna  w'as  not  observed  during  flights  one  and  two 
since  the  forward  camera  was  unserviceable.  A  2  in.  thick  ice  accretion  along  the  lower  8 
ft  of  the  antenna  was  observed  by  the  chase  aircraft  after  exiting  the  icing  conditions  on 
flight  one;  no  excessive  oscillations  were  noted,  retraction  was  normal  and  the  ice  shed 
after  landing  (fig.  F-l,  app  F).  After  exiting  the  icing  conditions  on  flight  two,  a  uniform 
ice  accretion  of  about  1  in.  was  observed;  there  were  no  excessive  antenna  oscillations 
and  the  ice  shed  after  landing.  During  the  initial  part  of  flight  three  the  ECM  antenna 
oscillated  laterally  at  approximately  4  Hz  with  a  tip  amplitude  of  about  ±6  in.  After 
20  minutes  of  icing  the  oscillation  rapidly  increased  to  a  tip  amplitude  of  ±2  ft  with 
v  isible  movement  of  the  actuator  assembly  and  its  mounting  structure.  After  a  further  i3 
minutes  the  oscillations  suddenly  stopped  and  the  antenna  hung  slightly  off-center,  with 
only  small  oscillations,  until  retraction  (fig.  F-2).  After  exiting  the  icing  conditions  the 
chase  aircraft  observed  a  uniform  1  1/2-2  in.  ice  accretion  along  the  lower  8  ft  of  the 
antenna  with  1/2  in.  of  ice  on  the  upper  1  ft.  During  retraction  the  antenna  hesitated  at 
30  degrees  extension  before  slopping  at  5  degrees  extension  with  the  tip  displaced  6  in. 
laterally  from  the  cradle  (fig.  F-3).  The  ANTENNA  RETRACTED  advisory  light 
remained  out  and  the  ANTENNA  EXTENDED  warning  illuminated  during  approach  and 
landing. 

I  !.  Post- flight  airframe  inspection  revealed  the  following  damage:  a  fatigue  fracture  of 
the  left  pivot  pin  which  allowed  the  antenna  to  move  laterally  and  bend  the  right  pivot  pin 
(fig.  F-4);  cracks  in  both  the  composite  actuator  mounting  structure  and  the  metal 
ground  plane  (figs.  F-5  and  F-6);  and  debonding  and  loss  of  material  at  the  joint 
between  the  bare  of  the  antenna  and  the  insulation  collar  (fig.  F-7).  After  a  review  of  the 
in-flight  video  recordings,  the  foregoing  damage  was  attributed  to  the  lateral  oscillations  of 
the  ECM  antenna  During  antenna  retraction  the  misalignment  caused  by  the  pivot  pin 


lailurc  had  allowed  the  antenna  base  to  contact  the  actuator  mechanism  causing  damage 
to  several  components  (lies.  1-8  and  F-9).  The  damaged  ECM  antenna  assembly  and 
mount  were  replaced  by  a  blanking  plate  during  subsequent  flights.  The  design  of  the 
antenna  assembly  and  mount  is  deficient  because  it  allows  excessive  ice-induced 
oscillations,  resulting  in  structural  damage  and  component  failure.  The  design  of  the  ECV1 
antenna-moum  assemble  should  be  improved  to  either  prevent  ice  accretion  or  render  the 
ice-induced  oscillations  benign.  Further  testing  should  be  conducted  before  the  EH-fSOA 
is  released  for  flight  m  icing  conditions  with  the  ECM  antenna  extended.  Testing  should 
*se  accomplished  to  determine  the  effect  of  ECM  antenna  ice  accumulation  on  the 
operation  ol  the  \\  -MO-lMfYlZ  countermeasures  system. 

DIRECTION  F !  \  1  > I  \ <  i  D1  POLE  ANTENNAS 

12.  The  ;.c  ac  <  a-  •  ice  Tedding  and  vibration  characteristics  of  the  DF  antenna 
assemblies  were  ev  t!  tated  throughout  the  test  The  effect  of  DF  antenna  ice  accumulation 
on  the  operation  •:  the  i  CM  system  was  not  assessed.  Typical  ice  accretions  are  shown  in 
figure  F-  It)  The  -  vee'soe  antenna  oscillations  noted  in  previous  tests  were  not  observed 
and  the  maximum  ;:p  amplitude  recorded  was  generally  ±2  in.  occasionally  increasing  to 
±4  in.  immediate:-.  pa  r -r  to  an  ice  shed.  Antenna  oscillation  amplitude  was  a  function  of 
the  amount  of  ice  accumulated  rather  than  the  rate  of  accretion.  After  flight  seven,  and  a 
cumulative  total  4  9.5  hr  icing,  the  forward  right  lower  antenna  element  was  found  to  be 
slightly  loose.  All  DF  antenna  mounting  screws  were  consequently  retorqued.  After  flight 
8,  and  a  further  !>  hr  icing,  the  right  forward  upper  element  was  found  to  be  loose.  The 
loosening  of  the  Dr  a. itennas  during  flight  in  icing  conditions  is  a  shortcoming  and  is 
discussed  further  in  paragraph  17.  Testing  should  be  conducted  to  determine  the  effect  of 
DF  antenna  ice  accumulation  on  the  operation  of  the  AN/ALQ-15 1  (V)2 
countermeasures  v, -tern 


DUMMY  ACTIV  E  DIRECTION  FINDING  ANTENNAS 

13.  The  ice  accretion  and  shedding  characteristics  of  the  dummy  active  DF  antennas 
were  evaluated  bv  observation  from  the  chase  aircraft  and  post-flight  photography 
throughout  the  tests.  Ice  accreted  on  the  forward  face  of  each  antenna  with  a  maximum 
thickness  of  approximately  I  in.  at  the  leading  edge.  The  ice  thickness  tapered  to  zero 
near  the  fuselage  (fig.  F-t  1).  No  in-flight  shedding  was  observed  and  the  ice  formation 
had  no  adverse  effect  on  either  the  antennas  or  the  airframe.  The  icing  characteristics  of 
the  dummy  active  DF  antennas  in  the  configuration  tested  are  satisfactory. 


LANDING  GEAR  SPONSONS 

14  The  ice  accretion  characteristics  of  the  extended  main  landing  gear  sponson  fairings 
were  assc-'sed  throughout  the  test.  Ice  up  to  3  in.  thick  accreted  on  the  forw-ard  face  of 
the  sponsons  (fig.  C  l,  app  C).  No  in-flight  shedding  was  observed  and  the  ice  accretion 
had  no  adverse  el  lea  on  the  aircraft.  The  icing  characteristics  of  the  extended  main 
laming  g-nr  •-p'mxnti  (airings  arc  satisfactory. 
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ROSEMOUNT  KINO  RA  IE  Mi  l  HR 

i  5  'Hie  accuracy  of  the  RihL'immiu  icing  rate  meter  was  evaluated  throughout  the  tests  by 
correlating  its  liquid  water  content  (LWC)  readings  with  the  rate  of  ice  accumulation  on  the 
usual  ice  accretion  probe  (VIAP)  and,  whenever  possible,  with  calibrated  LWC 
measurements  taken  bv  the  chase  JL-21A  The  Rosemount  LWC  readings  were  normally 
significantly  higher  than  the  actual  conditions  throughout  the  tests,  as  illustrated  by  the  data 
irom  flight  lour  in  table  2  below: 


Table  2.  Flight  Four  LWC  Data',2,3,4 


Time 
Period 
i  min) 

VIA  P 
LWC 

(g'!UJ! 

Rosemount 

LWC 

(g/m3) 

Time 

Period 

(min) 

VIAP 

LWC 

(g/m3) 

Rosemount 

LWC 

(g/m3) 

5:45 

.  12 

.45 

4:02 

.70 

5:25 

.12 

.45 

5:05 

75 

S  ;  2  8 

12 

70 

9:38 

■Ufl 

■>  ^ 

NOTES 


'Flight  4  was  the  worst  case  for  steady  state  LWC  errors. 

^Rosemount  readings  are  averaged  steady  state  values  over  the  appropriate  time 
period  (transient  values  are  ignored). 

3Mi\ed  icing  conditions  mav  have  been  present  during  flight  4. 

“Indicated  OA  I  -5.0°C,  total  air  temperature  -6.5°C  throughout. 

In  the  mixed  icing  conditions  (combinations  of  supercooled  liquid  water  drops  with  sleet, 
severe  freezing  drizzle  or  freezing  rain)  of  flight  seven,  the  Rosemount  error  was  excessive 
with  transient  oil-scale  indications.  The  indications  fluctuated  between  zero  and  max 
(2  g/m3)  and  any  steady  indication  was  normally  approximately  double  the  observed 
(VIAP)  value.  The  erroneous  indications  led  the  flight  crew  to  select  the  BLADE  DEICE 
MODE  switch  to  MANUAL  (MODERATE)  during  some  phases  of  the  flight.  The  rotor 
blade  deice  system,  whose  element  off  lime  is  determined  by  the  Rosemount  when  in  the 
automatic  mode,  continued  to  operate  normally  throughout  the  flight  and  no  adverse 
aircraft  vibrations  or  excessive  torque  rises  were  noted  in  the  light  to  moderate  icing  tested. 
Rosemount  icing  rate  indications  should  not  be  used  as  the  sole  criterion  for  determining 
the  severity  of  icing  conditions  since  they  couk  cause  a  crew  to  exit  icing  conditions  less 
severe  than  indicated.  The  Rosemount  readings  should  be  correlated  with  other  indications 
of  icing  severity  such  as  torque  rise  and  vibration  level.  Note  that  a  20%  torque  increase 
indicates  that  normal  autorotational  rotor  rpm  may  not  be  attainable  (ref  5,  para  8-60). 
The  inaccuracy  of  the  Rosemount  LWC  readings,  especially  in  mixed  icing  conditions,  is  a 
shortcoming  and  should  be  improved.  As  an  interim  measure  the  following  sub-paragraph 
should  be  inserted  into  the  L7EH-60A  Operator’s  Manual  at  paragraph  8-60  (In-Flight 

Icing): 
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d  lii  m:\ed  iuiie  conditions  (combinations  of  icing  with  sit’d,  Iree/mg 
dn//le  or  Iree/mg  ram)  die  icing  rate  meler  may  give  inaccurate 
indications  and  should  not  he  used  as  the  sole  criterion  to  determine  icing 
severity.  It  mav  not  he  necessary  to  exit  mixed  icing  conditions  unless  an 
LWC  reading  of  greater  than  1  g/m3  (heavy)  is  accompanied  by  a  torque 
rise  of  more  than  2<>cr  and/or  excessive  vibrations. 

INTEGRATED  I  SI  RUM  NAVIGATION  SYSTEM 

;  ■'  I  he  ease  ol  operation  ol  the  IINS  was  assessed  throughout  the  tests.  Complete 
a  .annent  took  ,ib-  ail  eight  minutes  and  could  he  initialed  as  soon  as  the  equipment  was 
powered  up.  'Ui'sequent  power  surges  during  main  generator  connection  and  hydraulic 
leak  test  system  checks  did  not  at  feci  the  alignment.  II\S  alignment  time  did  not  delay 
eh!'  into  leing  conditions  because  of  the  time  taken  to  test  the  de/anti-ice  systems  but 
le-1  sited  in  delays  of  up  to  five  minutes  to  other  flights  (the  excessive  length  of  the  deice 
'.'tern  check  is  a  previously  identified  shortcoming).  The  usefulness  of  the  TACAN 
ie.iture  of  the  IINS  was  limited  by  the  inability  to  display  TACAN  information  directly 
•ao  die  flight  instruments  and  the  1  ability  to  select  a  desired  TACAN  radial  using  the 
f  •  rizortta!  situation  indicator  course  knob  These  two  features  prevent  the  use  of  the 
I  A  CAN  a-  an  approach  aid  when  no  co-located  VOR  beacon  is  available.  The  poor 
ir.’egr  at  a  in  of  the  IINS  TACAN  with  the  flight  instruments  is  a  shortcoming  and  should  be 
■:  pri  led 

Rl.I.f  Mill. I  IV  \M>  MAlM  \IN  \llll.rn 
Direction  finding  Antenna  Insulator  Housings 

Prior  to  die  nrsi  test  flight  the  DF  antenna  assemblies  were  installed  by  an  engineer 
Irom  fracor  Aerospace  Inc  who  experienced  some  difficulty  in  assembling  the  antenna 
•Cements  into  the  troughs  in  the  insulator  housings.  Two  antenna  elements  subsequently 
..■a ked  loose,  in  one  case  alter  the  mounting  screws  had  been  retorqued  (para  12). 

1  xanunalion  ol  the  insulator  housings  showed  that  three  screw  inserts  had  become 
dehonded  Irom  the  housing  mouldings;  subsequent  attempts  to  reseat  them  failed.  The 
I  iacor  engineer  attributed  the  debonding  to  excessive  assembly  pressure  resulting  from 
the  I’.cht  lit  ot  the  antenna  elements  in  the  insulator  housing  troughs.  Ice-induced 
■  '•dilations  then  caused  the  antennas  to  'work'  in  the  troughs,  eventually  becoming  loose. 
I  he  loosening  of  the  antenna  elements  did  not  constitute  a  safety  hazard  but  prolonged 
la  with  the  antennas  in  such  a  loose  condition  could  result  in  more  serious  damage  and 
.i:.  ut  a  risk  of  antenna  detachment.  .As  noted  ...  paragraph  12.  the  loosening  of  the  DF 
antennas  is  a  shortcoming  and  the  design  (if  the  insulator  housings  should  be  improved  to 
a  'in  w  easier,  more  consistent  assembly  Maintenance  procedures  should  be  introduced  to 
.ertlv  Dl  amentia  set  uritv  billowing  initial  installation  and.  until  the  insulator  housings 
in  he  improved,  alter  even  Might  til  icing  conditions. 


Integral'''!  Inertial  Navigation  System 


liie  reli.ibiliiv  < > t  the  AV  ASN-  132  IINS  was  evaluated  throughout  these  High:  tests. 
Dunne  preparations  inr  the  litM  lest  flight  l lie  1!\S  failed  and  all  pre-programmed 
ii.tormauon  was  lost;  there  were  no  indications  of  the  failure  prior  to  the  attempted 
alignment  Subsequent  attempts  to  re-aligri  the  UN'S  tailed.  IINS  troubleshooting 
i ■, acated  that  the  NPl  had  killed  and  the  problem  was  eventually  rectified  by 
repnyramnunc  the  NPL  using  borrowed  equipment.  A  delay  of  two  days  was  incurred 
during  which  two  potential  icing  flights  were  lost  The  poor  reliability  of  the  IINS  has  been 
addressed  in  two  prewous  I  S.  Army  Aviation  Engineering  Flight  Activity  (AEFA) 
reports  (refs  I  and  2).  curing  a  total  of  >35  EH-60A  flight  test  hours  performed  by 
\f  F  \  on  various  aircraft  five  NPL'  failures  have  been  documented.  Since  the  FH-60A  is 
capable  ot  perlormmg  its  mission  with  an  inoperative  IINS.  the  poor  reliability  of  the 
N  !’l  a  dciieiencv . 

OPERATOR'S  MANUAL  AND  CHECKLIST 

I  wo  major  operator’s  manual  and  check  list  discrepancies  were  noted.  The 
emergency  procedure  for  ‘MR  DE-ICE  FAULT,  MR  DE-ICE  FAIL  OR  TR  DE-ICE 
I  All  CAUTION  EIGHT  ON’  described  in  reference  5  places  an  undue  sense  of  urgency 
upon  the  situation  bv  requiring  the  crew  to  land  as  soon  as  possible  if  vibrations  increase. 
Reference  ’  indicates  that  vibration  increase  is  inevitable  in  the  case  of  blade  deice 
!  : i ’ ■  it e  The  emergency  procedure  for  ’MR  DE-ICE  FAULT,  MR  DE-ICE  FAIL  OP  TR 
DL-FT  FAIL’  should  be  amended  as  follows; 

a  Ding  conditions  -  E\u  as  stain  as  practicable. 

h.  BLADE  DE-ICE  POWER  SWITCH  -  OFF,  when  out  of  icing  conditions. 

t  1 1  icing  cond’tions  persist  or  excessive  vibrations  anchor  torque  rise  are  noted  - 
I  and  as  soon  as  practicable. 

I ...  e  shed  ling  from  the  rotor  blades  during  post-icing  flight  shutdown  presents  a  significant 
:.  i/ard  tf)  ground  personnel  The  following  WARNING  should  be  added  to  .eference  5 

paragraph 


WARNING 

Ice  shed  from  rotating  components  presents  a  hazard  to 
personnel  during  landing  and  shutdown.  Ground  personnel 
should  remain  well  clear  Passengers  and  crew  members  should 
no!  exit  the  helicopter  until  the  rotor  has  slopped  turning. 


MISt  El. I. ANEOCS 


No  action  had  Ken  taken  to  incorporate  steps  m  the  operator’s  and  crewmember's 
•  k ! i ' l  to  remind  pilots  to  activate  anti-icitig  systems  m  accordance  with  t!  j  operator’s 
rod  I  his  debt,  lent  v  wa>  previously  identihed  in  paragraph  1 11  ot  re  I  ere  nee  8. 


.'I  5e\eti  p'e-  M'K  iJeuiihed.  icine -related  shortcomings  were  continued  during  the 
■i  a i id  aii-  : e  i : f :  .nod  below.  m  order  ot  decreasing  importance,  '-nice  no  corrective 

,i . : -ii  had  been  taken : 

a  I  he  inadequate  windshield  anti-ice  system  which  does  not  prevent  large  ice 
..s cum.: mim >n-  , r .  tiie  windshield-  and  wipers  and  therefore  in-reases  the  probability  ol 
■  t  il  :  .  the  lieSisopler  due  to  uncontrolled  shedding  (para  22  of  rel  Si. 

I  •  e  in'  a.,  rel  ion  and  shedding  characteristics  of  the  cockpit  OA  I  indicator 

r  ■•••.  -  a  .h  increase  the  probabilitv  of  engine  IOD  (para  24  of  ret  M. 

I  he  >a:  ge  tie  accretions  on  the  wire  strike  protection  system  components  which 
.  .  me.  >|;va  and  ci  u.’J  cause  POD  to  the  aiicralt  (para  is  of  ref  1  I  > 

:  the  e\i  eh  long  and  complicated  deice  s\stem  operational  check  (para  44  ol 

i  l.v  iii'-.tin  ,e:it  main  transmission  drip  pan  capacity  (para  52  ol  re)  (n 

I  .m-e  nc  ol  labels  to  indicate  (he  reset  leature  ol  the  OI  F  position  of  the 

:  .s.'.ieki  ami-ice  switches  (par a  15  of  ref  V). 

1  he  ice  aci 'lmulaiion  on  the  FM  homing  antennas  which  interferes  with  cockpit 

nc  '  ■*  : :v.  'in  i  -I  ref  W  i 


f  ONCl.l  SIONS 


1 

Cl  MR  M. 

2~.  Ill-  Lfl-hUA  helieopivi .  with  modified  direction  linding  (DR)  antenna  insulatm 
■iMnp  i part  no  (>'5  I  -1-4116-4),  is  suitable  for  /light  into  moderate  icing  condition s 
with  the  electronic  countermea'Mies  ( liCM )  antenna  retracted  only  Three  deficiencies  and 
tliri-e  shortcoming'  w  ere  idem  died  Several  previously  identified,  icing-related  deficiencte' 
Hid  -hurt-  "ti'inc  ■  u  main  uncorrecied 

m  i  ic  11  M  M  s 

2  '  I  lie  t 1  'lie i w  e  t  g  deliciencie'  were  identified  and  appear  in  order  of  decreasing 

nance- 

The  design  o'  the  fT  .M  antenna  which  permits  excessive  ice-induced  oscillations 
arc.:  '-.il-iseciuetit  cou.ponent  failure  and  structural  damage  (paras  10  and  II), 

h.  I'lic  pool  reliability  ol  the  navigational  processing  unit  (NPUl  associated  with  the 
M  Ak\-t  52  integrated  me  ilia!  navigation  system  (IINS)  (para  18). 

c,  l  he  umis-icii  of  steps  in  the  operator's  and  crewmember's  checklist  to  remind  pilots 
'■>  activate  .inn  -icing  systems  m  accordance  with  the  operator's  manual  (para  20). 

24.  Two  king-  related  deficiencies,  previously  identified  in  references  1  and  2  were  not 

-pecilnallv  re-  evaluated 

kllOK  rC'OMINGS 

25  Hie  l.illow'iiL'  shortu  mmgs  were  identified  and  appear  in  order  ol  decreasing 
importance 

1  lie  loosening  ol  the  OF  dipole  antennas  during  flight  in  icing  conditions  (paras  12 


'  Ills  in.icau.icv  of  the  liquid  waiter  content  readings  of  the  Rosemount  icing  rate 
"irirr.  evpeciallv  it:  mixed  icing  conditions  (para  15). 

The  poor  integration  of  the  IINS  and  the  flight  instruments  which  prevents  the  direct 
di'!  lav  ol  I  AC  M  information  (para  16) 

'•  k.. ...  :  prev.o  i'!v  ldi. ni i ! iv*  1 .  king-related  shortcomings  were  re-evaluated  and  remain 

.:  i  1  n  - 1  { pa  t  a  .'ll 

1  m  i  l',  'hr-.-e  k  iiig-ielalvd  shortcomings,  previously  identified  in  references  /.  2  and 
v  '  .ii'ilgli  11.  were  not  -poolicallv  re-ev alualed. 


HI 


RECOMMENDATIONS 


28.  1  ho  EH-hOA  helicopter,  with  modified  direction  finding  (DFl  antenna  insulator 

blocks  (part  no.  19  51-1-4116-4),  should  be  released  for  flight  into  moderate  icing 
conditions  with  the  electronic  countermeasures  (ECM)  antenna  retracted  only  (para  22). 

2ch  T  he  deficiency  noted  at  paragraph  23a  should  be  corrected  prior  to  further  icing  flight 
tests  of  tile  EH-60A  with  the  ECM  antenna  extended  (paras  10  and  11). 

•0.  The  reliability  of  the  A\/l  YK-64(  V)  navigational  processing  unit  associated  with  the 
AN  ASN-132  integrated  inertial  navigation  system  should  be  improved  (para  18). 

51.  Steps  should  be  included  in  the  operator's  and  crewmember’s  checklist  to  remind 
pilots  to  activate  anti-icing  systems  in  accordance  with  the  operator's  manual  (para  23c). 

32  Tiie  shortcoming  identified  in  paragraph  25a  should  be  corrected  by  redesign  of  the 
OF  dipole  antenna  insulator  housings  to  permit  easier  and  more  consistent  assembly 
(para  P). 

35  Maintenance  procedures  should  be  introduced  which  verify  the  security  of  the  DF 
dipole  antennas  after  initial  installation  and.  until  the  design  of  the  insulator  housings  is 
improved,  after  every  flight  into  icing  conditions  (para  17). 

34,  The  accuracy  of  the  Rosemount  liquid  water  content  (LWC)  readings  should  be 
improved.  As  an  interim  measure  the  following  sub  paragraph  should  be  added  to  the 
(  FH-60A  Operator’s  Manual  (ref  5)  at  paragrapli  8-60  (In-Flight  Icing): 

d.  Jn  mixed  icing  conditions  (combinations  of  icing  with  sleet,  freezing 
drizzle  or  freezing  rain)  the  icing  rate  meter  may  give  inaccurate 
indications  and  should  not  be  used  as  the  sole  criterion  to  determine  icing 
severity,  ft  may  not  be  necessary  to  exit  mixed  icing  conditions  unless  an 
I.WC  reading  of  greater  than  1  g/m3  (heavy)  is  accompanied  by  a  torque 
rise  of  more  than  20^2  and/or  excessive  vibrations  (para  15). 

35.  The  integration  of  the  TACAN  with  the  flight  instruments  should  be  improved 
/para  16). 

56  Testing  should  be  conducted  to  determine  how  ice  accumulations  on  the  DF  and  ECM 
antennas  affect  the  operation  of  the  AN7ALQ-  I  5  1  (V)2  countermeasures  system  (paras  1  I 
and  12). 

37.  The  change-'  to  (lie  operator’s  manual  and  operator’s  and  crewmember’s  checklist 
noted  in  paragraph  19  should  be  incorpt, rated. 

-v  The  seven  previously  identified,  icing  related  shortcomings  noted  in  paragraph  21 
siaiiild  lie  corrected. 
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APPENDIX  B.  DESCRIPTION 


GENERAL 

1.  The  test  aircraft.  U.S.  Army  S/N  86-24569,  is  a  production  EH-60A  fitted  with  the 
full  UH-60A  deicing  kit  (figs.  B-l  through  B-4).  The  AN/ATQ-162(V)2  radar 
countermeasures  system  had  been  removed  and  the  antennas  substituted  by  4-1/2  in. 
diameter  blanking  plates.  Four  dummy  active  direction  finding  (active  DF)  antennas  were 
fitted  under  the  fuselage.  Principal  dimensions  and  characteristics  of  the  EFI-60A  appear 
in  the  operator’s  manual  (ref  5,  app  A).  External  features  specific  to  the  EH-60A  which 
may  affect  ice  accretion  are  described  below. 


DIRECTION  FINDING  ANTENNAS 

2.  The  test  aircraft  was  equipped  with  a  set  of  four  DF  antenna  groups,  part  numbers 
C5074121-3  and  -4,  mounted  on  the  tailcone  (fig.  B-5)  in  accordance  with  Engineering 
Change  Proposal  0099-E-1668R1  dated  10  February  1989.  Each  group  comprised  two 
32.5  in.  long,  1  in.  diameter  aluminum  monopole  antennas  attached  to  a  cross  brace  by 
means  of  an  insulator  housing  (part  number  1951-1-4116-4)  (fig.  B-6).  The  insulator 
housings  were  formerly  machined  from  DELRIN  material  and  had  failed  during  previous 
icing  tests  (ref  2).  The  housings  on  the  test  aircraft  were  molded  from  30%  glass  filled 
polyethylene  terephthalate  (PET)  and  had  a  revised  mounting  screw  configuration 
incorporating  a  combination  of  ultrasonically  injected  ’’ultraserts”  and  pressed  inserts  (fig. 
B— 7) .  The  antenna  elements  w'ere  located  in  a  semi-cylindrical  trough  in  the  insulator 
housings  and  retained  by  means  of  metal  damps  secured  by  four  screws  locating  in  the 
inserts. 


ELECTRONIC  COUNTERMEASURES  ANTENNA 

3.  The  electronic  countermeasures  (ECM)  antenna  was  a  109  in.  long,  retractable 
monopole  mounted  under  the  aft  fuselage  just  forward  of  the  tailcone.  The  ECM  antenna 
was  constructed  of  aluminum  tubing  whose  diameter  decreased  from  3  in.  at  the  base  to 
0.5  in.  at  the  tip.  A  non-metallic  insulating  collar  located  the  antenna  in  its  mounting 
bracket.  An  electric  linear  actuator,  part  number  C5074185-1,  caused  the  antenna  to 
extend  and  retract  by  rotating  it  through  approximately  90  degrees  about  the  base 
mounting  structure  (figs.  B-2  and  B-8).  The  actuator/pivot  assembly  had  been  identified 
as  a  shortcoming  during  previous  icing  tests  (ref  2)  and  the  unit  fitted  to  the  test  aircraft, 
serial  number  0014B,  was  an  upgraded  version.  Specific  modifications  to  the  actuator 
assembly  included  larger  diameter  pivot  pins,  stronger  pivot  bushings  and  a  more  powerful 
linear  actuator.  The  fuselage  structure  of  the  EH-60A  was  modified  by  the  addition  of  a 
honeycomb  panel  underneath  the  transition  section  to  which  the  ECM  antenna  actuator 
assembly  was  mounted  by  means  of  four  bolts.  The  lower  surface  of  the  honeycomb  was 
covered  with  a  soft  metal  sheet  which  formed  a  ground  plane  for  the  antenna. 
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1  > I  MM Y  ACTIVE  DIRECTION  FINDING  ANTENNAS 

а.  Traeor  Aero>pace  Inc.  Iiav  proposed  the  installation  ol  an  active  antenna  array  to 
replace  the  exist n ie.  EII-hOA  dipole  antenna  array.  Four  dummy  active  DF  antennas, 
which  were  externally  lully  representative  of  the  actual  installation,  were  mounted  under 
the  mid  fuselage  of  the  test  aircraft  for  icing  assessment  purposes.  Each  plastic  antenna 
cover  was  cylindrical  in  shape,  6  in.  high  and  5  in.  diameter  and  installed  on  temporary 
mounting  plates  according  to  TRACOR  drawing  number  600326  (fig.  B-9). 

v  The  position-,  ol  external  antennas  are  shown  in  figure  B-10. 

LANDING  GEAR  SPONSONS 

б.  The  main  landing  gear  sponson  fairings  (part  numbers  7021S-02319-041  and  -042) 
til  the  test  aircraft  were  each  5  in.  wider  than  those  previously  tested  to  accommodate 
4-per-rev  vibration  absorbers  (fig.  C-l). 
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Figure  B-l.  Front  View 


Figure  B-2.  Right  View 


Left  View 


Figure  B — t.  Rear  View 


Figure  B-5.  Direction  Finding  Dipole  Antennas 


Insulator 

Mousing 


B-7. 


a 
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f  igure  B- 10.  Antenna  Arrangement 


M'I’l  Nl)I\  C.  I NSTRli  MENTATION 


( \MER  \  Ms  I  i  MS 

\  „ol..r  video  i. ;,m- 1 ..  « as  mounted  on  the  tight  side  of  the  transition  section  to 
e  the  behavior  ot  the  right  side  dipole  antennas  (hg.  B-8).  A  second  camera, 
mounted  on  the  tacking  point  rear  the  right  hand  cockpit  step,  recorded  the  motion  and 
,R\;ut'ii  of  thi.  electronic  «  ountermcasure'-  (fiCMi  antenna  (fig.  C-l).  Each  camera 
was  i inked  to  an  individual  video  recorder  A  display  mounted  at  the  ECM  operator’s 
-tat ion  could  be  selected  to  either  camera  output.  A  video  camera  in  the  chase  aircraft 
was  toed  to,  document  see  accretion  immediate!)  after  exiting  the  icing  conditions.  Hand 
held  camel. is  v.eie  used  lor  .-nil  photography  both  in  the  air  and  on  the  ground. 


VISlAl.  ICE  ACCRETION  PROBE 

2.  A  visual  ice  accrem  r  on, be  t V1AP),  mounted  just  below  the  left  cockpit  window 
i fig.  C-2),  was  used  to  giv;  additional  visual  cues  of  ice  build  up  and  to  correlate 
Rose  mount  liquid  water  content  (L\V(  )  readings.  The  VTAP  consisted  of  a  small, 
symmetrical  airfoil  section  with  a  rod  protruding  from  the  leading  edge  at  mid-span; 
contrasting  stripes  on  the  tod  were  used  to  gauge  ice  thickness.  The  method  used  for 
deriving  LWCs  from.  \  hv.’’  measurements  is  described  in  appendix  D. 


Cl. OLD  S  \MP!.!N(1  KOI’ IPS! ENT 

a.  A  I.  S  Army  II  -.1 1  a  \  bn- i  Situs,  was  used  both  as  a  chase  aircraft  and  to 
■  Inc ■  ;t: w : it  mug  conciiouu  ,  ,•  ing  the  following  equipment: 

a  A  Particle  Measuring  Sy-tem  (PMS)  comprising  a  FSSP-100  forward  scattering 
spectrometer  probe  and  an  OAP-200.X  optical  array  cloud  droplet  spectrometer  probe, 
i.  .  rMS  was  capable  m  si/.ing  water  droplets  between  2  and  300  microns  in  diameter. 

b.  A  Roseniount  outside  air  temperature  sensor  and  display. 

c.  A  Cambridge  model  13"  chilled  dew  point  hygrometer  and  display. 

d  A  Cloud  Technology  me  detector  unit  capable  of  measuring  LWC  in  g/m3. 

c  V  ropiane  and  Armament  Experimental  Establishment  vernier  ice  accretion 

nn  ter  ;  '  ria.  r'fm: !i '*  •. 


!..rm  Data  System  (St IDS; .  The  SIIDS 
s;t  ific.ii!  v  foi  icing  studies. 


compact  data 


i  ■  r  :  ■  :  '  1.  .  :i  i;  o;  nn.r./nt  mav  be  found  in  appen  v  ('  of 


MANUALLY  RECORDED  PARAMETERS 


4.  The  following  test  aircraft  parameters  were  recorded  manually  during  icing  Rights 

Indicated  airspeed  (KT) 

Engine  torques  (%) 

Outside  air  temperature  (deg  C) 

Y1AP  readings  (in.  ice) 

Y'lAP  ice  accretion  times  (minisec) 

Rosemount  L\YC  indications  (g/m3) 
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Extended  Sponson 


F  inure  Cl  Mam  landing  Clear  Sponsons/ECM  Camera  Housing 


Figure  C-2.  Visual  Ice  Accretion  Probe 


APPENDIX  D.  DATA  ANALYSIS  METHODS  AND  DEFINITIONS 


D  VTA  ANALYSIS 

1.  L  iquid  w;iier  content  (LWC)  values  were  determined  using  figure  D-l  and  observed 
visual  probe  ice  accretion  rates.  An  average  LWC  was  determined  from  these  calculated 
values  and  those  measured  by  the  cloud  sampling  equipment  on  board  the  JU-21A. 
Calculated  and  measured  LWCs  were  summed  over  the  total  samples  for  each  flight  to 
obtain  an  average.  The  Rosemount  indicator  on  board  the  EH-60A  was  rarely  used  since 
the  readings  were  inaccurate  (para  15). 


DEFINITIONS 

2.  Icing  characteristics  were  described  using  the  following  definitions  of  icing  severity: 

a.  Trace  icing:  Ice  becomes  perceptible.  Rate  of  accumulation  slightly  greater  than 
rate  of  sublimation.  It  is  not  hazardous  even  though  deicing  equipment  is  not  used,  unless 
encountered  for  an  extended  period  of  time  (over  1  hour).  Commonly  0  to  0.15  g/m3 
LWC  for  the  UH-60A  helicopter. 

b.  Light  icing:  The  rate  of  accumulation  may  create  a  problem  if  flight  is  prolonged 
in  this  environment  (over  1  hour).  Occasional  uses  of  deicing/anti-icing  equipment 
removes/prevents  accumulation.  It  does  not  present  a  problem  if  the  deicing/anti-icing 
equipment  is  used.  Commonly  0.15  to  0.5  g/m3  LWC  for  the  UH-60A  helicopter. 

c.  Moderate  icing:  The  rate  of  accumulation  is  such  that  even  short  encounters 
become  potentially  hazardous  and  use  of  deicing/anti-icing  equipment  or  diversion  is 
necessary.  Commonly  0.5  to  1.0  g/m3  LWC  for  the  UH-60A  helicopter. 

d.  Severe/heavy  icing:  The  rate  of  accumulation  is  such  that  deicing/anti-icing 
equipment  fails  to  reduce  or  control  the  hazard.  Immediate  diversion  is  necessary. 
Commonly  greater  than  1.0  g/m3  LWC  for  the  UH-60A  helicopter. 

3.  Results  were  categorized  as  deficiencies  or  shortcomings  in  accordance  with  the 
following  definitions: 

Deficiency:  A  defect  or  malfunction  discovered  during  the  life  cycle  of  an  item  of 
equipment  that  constitutes  a  safety  hazard  to  personnel;  will  result  in  serious  damage  to 
the  equipment  if  operation  is  continued;  or  indicates  improper  design  or  other  cause  of 
of  an  item  or  part,  which  seriously  impairs  the  equipment’s  operational  capability. 

Shortcoming:  An  imperfection  or  malfunction  occurring  during  the  life  cycle  of 
equipment,  which  must  be  reported  and  which  should  be  corrected  to  increase  efficiency 
and  to  render  the  equipment  completely  serviceable.  It  will  not  cause  an  immediate 
breakdown,  jeopardize  safe  operation,  or  materially  reduce  the  usability  of  the  materiel  or 
end  product. 
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LIQUD  WATER  CONTENT  (LWC.g/m3) 


FIGURE  D-1 

CALCULATED  LIQUID  WATER  CONTENT 


NOTES:  1.  COLLECTION  EFFICIENCY  ASSUMED  TO  BE  100% 

2.  DENSITY  OF  ICE  =  0.8  g/cm* 

3.  LWC  =  (ICE  ACCRETION  RATE) (DENSITY  OF  ICE) 

TRUE  AIRSPEED 


0.00  0.02  0.04  0.06  0.08  0.10  0.12  0.14 

ICE  ACCRETION  RATE  (IN.  ICE/M  IN) 
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APPENDIX  E.  TEST  INCIDENT  REPORTS 


I.  l'he  following  Test  Incident  Reports  (TIR)  vtere  submitted  during  these  tests 


TIR  NUMBER 


SUBJECT 


EC-B8806 1 00 1 
EC-BS806 1 002 
EC-B88061003 
EC-B8806 1004 
EC-B88O61005 


tc.-B8806 1006 


NPU  Failure 

ECM  Antenna/Insulation  Collar  De-bond 
Broken  Right  ECM  Antenna  Pivot  Stud 
Cracked  Ground  Plane/Honeycomb  Skin 
Bent  Left  ECM  Antenna  Pivot  Stud 
Loose  DF  Antenna 
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TES*  INCIDENT  REPORT  (AMCR  70-13) 

1  Dace:  _  ~  ~~  '  — — — — — ^ — =  . 

2  March  1989  ' 

Test  Title:  Natural  Icing  Reevaluation 

Teat  Project  # 

TIR  »  - - 1 

2.  of  the  EH-60A 

3*  88-06-1 

u-  EC-888061001  1 

1 

AEFA 

6.  Teat  Sponsor  AMCPM-AE 

- 

I  MAJOR  ITEM  DATA 

.  AN,' ACM  132  I  INS 

Test  Life:  Units: 

:  9405 

21.  NA 

i  * 

22.  NA 

iA 

23.  NA 

*  t  ^ :  NA 

24.  (Not  Used) 

II  INCIDENT  DATA 


•  EH-60A 
:tas3:  Major 
■  Performance 

During:  Cockpit  Equip.  Checks 
ksn:  Reoroarammed _ 


24  Feb  89,  0945 


ation  Processing  Unit  (NPU)j  40.  Data  4  Time: 

41.  FD/SC  Step//: 

42.  FD/SC  Class: 

43.  Chargeabilicy :  Firmware 

44.  Preliminary  CA  Status:  Open 

45.  Asgd  Reap:  _ _ 


.t.i 


.vironaent:  Natural  Icing 

.v ?  Materiel:  Reoroorammed/See  Item..  90 


III  INCIDENT  SUBJECT  DATA 


I  57 


Navigation  Processing  Unit 
a.U':  151 

:5N:  AN/UYK-64(V)2 

R0LM 

irt#;  1666  B-C 
'  ' - 3^  :  NA 
■  tty  One 
n:  Reprogrammed 

1 

60.  FCC :  EH-60A  86-24569  1 

61.  ISA#:  1 

Part  Life:  Units: 

63.  358  hours  1 

64.  NA 

65.  NA 

66.  Next  Assy:  AN/ASN-132(V)  I INS 

67.  Serial#:  NA 

IV  MAINTENANCE  DATA  ! 

acatic  Clockhours:  0.5 
nos  tic  Manhours:  1.0 

*.lve  Maint  Clockhours:  4.0 
tv*f  Maint  Manhours:  8.0 

80.  Type:  Unscheduled 

81.  Level  Use:  AVIM 

82.  Level  Prsc:  AVUM 

83.  Level  Recm:  AVUM 

V  INCIDENT  DESCRIPTION 

of  Incident: 

craft  has  had  a  continuing  problem  with  an  unreliable  AN/ASN-43  Gyro  Magnetic 
.  -s  Set.  Maintenance  personnel  have  been  trouble-shooting  the  problem  IAW  procedures 
tiircd  in  TM  i 1-1520-237-23-2  changes  12,  Avionics  Fault  Isolation  Procedure  Manual, 
ted  30  A o r i  1  79,  Trouble-shooting  number  11.1-3  "NPU  Failure  Annunciator  Appears," 

.  11.1-8’,  figure  11,1-2. 

ing  the  "Before  starting  engines,  COCKPIT  EQUIPMENT  CHECKS,"  initiation  of  the  I INS 
;  ;r  •  j;  present  position  Latitude,  Longitude.  Magnetic  Variation,  Field  Elevation,  and! 

ft,  :1a  &  Phene  of  Preparer: 

",JH  L.  PI0 t'ROWSKI 
jjec:  Engineer,  AV  527-4992 

FOR  THE  COMMANDER:  (Continued) 

99.  PAUL  W.  L0SIER,  MAJ,  AV 

Chief,  Plans  &  Programs  SIGluEP' 
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TEST  INCIDENT  REPORT  (AMCP  70-13) 

TIR  #  EC-888061001 

Item  90.  (Continued) 

Barometric  Altimeter  were  input.  Subsequently,  a  flashing  "NPU"  annunciator  on 
the  C 1 1 0 91 /ASN- 1 32 ( V )  Control  Display  Unit  indicated  a  NPU  failure.  The  I  INS 
was  turned  off  for  the  required  two  minutes  and  then  steps  were  taken  to  ini¬ 
tiate  the  alignment  again.  Alignment  was  unsuccessful.  I  INS  self-test  was 
performed  confirming  the  NPU  failure.  Subsequently,  the  NPU  was  reprogrammed 
with  the  Raymond  Cassette,  model  6101-01,  PN  101830-602,  SN  6414,  and  cable, 
model  number  EGPC02-PP.  Two  flights  totalling  2.5  hours  followed  the  repro¬ 
gramming  of  the  NPU  with  no  failures. 
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1  INu  ENT  REPORT 

( AMCR  70-13) 

1  1.  Release  Date: 
i  14 

March  1989 

Test  Title:  Natural 

Icing  Reevaluation 

!  Test  Project  # 

~  TIR  # 

2.  of  the  EH-60A 

3-  88-06-1 

1  EC-B88061002 

"esc  Agency:  AEFA 


Ai-35?S/'ALQ-!51  (V) 
:i.  Serial-*;  CG77 

i'.  .  ;a 

IRACGR  Aerospace 
‘  race  :  [’AAK2.1  -84-C-0099 


6.  Test  Sponsor  AMCPM-AE 


I  MAJOR  ITEM  DATA 
— - - - * - 

i  Test  Life:  Units: 

21. 

1  22. 

•  23. 

!  24.  (Mot  Used) 


II  INCIDENT  DATA 


Oe bended  ECM  Antenna 
tea:  EH-60A 
Z  l  •»  s  s :  MAJOR 
s  ti 


Cateacrv:  RiD 


1  40.  Data  &  Time:  7  March  1989,  1600 

41 .  FD/SC  Step# : 

42.  FD/SC  Class: 

43.  Changeability :  Hardware 


■ved  During:  Rost  flight  inspection  44.  Preliminary  CA  Status:  Open 
:r.  T -n:  Removed  '  45.  Asgd  Resp: 


rvument :  .tatura  i  .Cing 
jjs r. L'iei:  Returned  to  TRACOR  Aerospace 


III  INC IDF NT  SUBJECT  DATA 


-  a-oon'c  Countermeasures 

(ECM) 

!  60.  FCC:  EH-60A 

86-24569 

0077 

Antenna 

!  61.  LSA/7 : 

AS- 3573/ALQ-  151  (V) 

Part  Life: 

Units: 

'  "  .  ,-\b  ‘  :j  _■  J  ;;C0 

63. 

Part'* :  C50/3926-1 

1 

64. 

jZ avi ::  z-‘ : 

65. 

C :  t  i  t  y  :  1 

1 

66.  Next  Assy: 

Action:  Removed 

67.  Serial#: 

- 

IV  MAINTENANCE  DATA 

Diagnostic  Clockhours: 

80.  Type:  Unscheduled 

Diagnostic  Manhours: 

81.  Level  Use: 

Contractor/UNK 

Active  Maint  Clockhours: 

82.  Level  Prsc: 

UNK 

Active  Maint  Manhours: 

-■  =  --  1 

83.  Level  Recm: 

=»  ■  -  ■  "" 1  - 

Contractor 

_ V  INCIDENT  DESCRIPTION _ 

De-cri  ptlon  of  Incident: 

ter  a  natural  icing  test  flight  of  1.4  hr.  duration  at  -14.0°  C  with  an  average  LWC 
. . c /  g/m3,  the  ECM  antenna  failed  to  fully  retract.  During  the  test  flight  the  ECM 
rz-ynna  had  oscillated  laterally.  After  approximately  33  minutes,  the  antenna  stopped 
:  -  '’Ding  and  nung  slightly  to  the  right  of  the  normal  extended  position. 


root  i got  inspection  revealed  a  debonding  between  the  aluminum  ECM  antenna  and  the 


’to ■'glass  nsulation  bushing  at  it's  base. 

.  .tout  3  feet  *rom  the  antenna  tip. 

Various  patches  of  paint  were  missing  from  a 
(Continued  on  attached  sheet) 

•  ,  Title  &  Phone  of  Preparer:  ' 

■.  JOSEPH  L.  PIOTROWSKI 

'oject  Engineer,  AV  527-4992 

FOR  THE  COMMANDER: 

99.  PAUL  W.  LOSIER,  MAJ,  AV 

Chief,  Plans  &  Programs 

1 
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TEST  INCIDENT  REPORT  (AMCP  70-13) 

TIR  4  EC-B88061002 

Item  90.  (Continued) 

Additional  damage  was  noticed  during  the  post  flight  inspection:  the  right 
ECM  antenna  pivot  stud  (TIR  #EC- B88061003 ) ,  the  ground  plane/honeycomb  skin  sand 
wich  structure  (TIR  EC-888061004),  and  the  left  pivot  stud  (TIR  #EC- B88061 005 ) . 


1  TP 

•J  4  I  ;.)T  REPORT 

(  AMCR 

70-13)  1  L.  Release  Date: 

1 

14  March 

1989 

i 

Test  Title:  Natural 

Icing 

Reevaluation  !  Test  Project 

If  I 

_ TIR  9  " 

1  2 . 

of  the  EH-60A 

;  3‘  88-06-1 

1  4  • 

*  1 

EC-B88061003 

1  5. 

Test  Agency:  AEFA 

6.  Test  Sponsor 

AMCPM-AE 

I  MAJOR  ITEM  DATA 

10.  Model:  ECM  Antenna  Actuator  Assy 

11.  Serial'*: 

12.  OS A" : 

13.  Mfr:  TRACOR  Aerospace 

l-1  ,  Contract": 


Test  Life:  Units: 

21 . 

22  . 

23  . 

24.  (Not  Used) 


II  INCIDENT  DATA 


30. 

31  , 

32  . 

33 
3-  . 
35, 


Title  Sheared  Pivot  Switch  Stud 
Subsy  s  1 9tr. : 

Incident  Class:  MAJOR 
Category:  RJQ 


40.  naCa  &  Time;  7  March  1989,  1600 
cl.  FD/SC  Step/*: 

42.  fD/SC  Class: 

4 3 .  Chargeability:  Hardware 


Observed  During:  Post  flight  inspection:  44.  pre  1  ini na ry  CA  Status:  Open 
Action  Taken:  Removed _ 45.  Asgd  pesp : _ 


-A.  Test  Environment:  Natural  Icing 

49.  Defective  Materiel:  Returned  to  TRACOR  Aerospace 


III  INC  IDF NT  SUBJECT  DATA 


50.  Name  Stud, 

Pivot  Switch 

60.  FGC :  EH-60A 

,  86-24569 

51.  Serial": 

61.  LSkth. 

52.  rSN/NSN: 

Part  Life: 

Units: 

53.  Mfr:  TRACOR 

Aerospace 

!  63. 

54.  Mfr  Part'/: 

57958/C5074731 

1  64. 

55.  Drawing'*: 

0099- E- 1449R2C1 

1  65. 

56.  Quantity: 

1 

66.  Next  Assy: 

Actuator  Assy 

57.  Action: 

Removed 

j  67.  Serial#: 

IV  MAINTENANCE  DATA 


70. 

Diagnostic  Ciockhours: 

80.  Type: 

Unschedul  ed 

71 . 

Diagnostic  Manhours: 

!  81.  Level 

Use:  Contractor/UNK 

72. 

Active  Maint  Ciockhours: 

82.  Level 

Prsc :  UNK 

73. 

Active  Maint  Manhours: 

!  83.  Level 

Recm:  Contractor 

_ V  INCIDENT  DESCRIPTION _ 

FI!  Description  of  Incident: 

11  t  the  completion  of  a  natural  icing  test  flight  of  1.4  hr.  duration,  -14.0°  C  and  with 
:  an  average  LWC  of  0.27  g/m3,  a  post  flight  inspection  revealed  a  broken  right  pivot  stud  on 
!  the  ECM  antenna  actuator  assembly.  In  the  area  of  the  sheared  stud,  damage  was  also  apparent 
jr  :  he  actuator  mounting/housing  and  the  moveable  antenna  mounting  plate.  j 

Additional  damage  was  noticed  during  the  post  flight  inspection:  the  ECM  antenna  I 

1  (TIP  rfEC-883061Q02 ) ,  the  ground  plane/honeycomb  skin  sandwich  structure  (TIR  #EC- 88806 1 004 ) ,  1 

!  and  the  left  pivot  stud  (TIR  n EC-B88Q61005 ) . _ ! 

1  Name”  Title  6  Phone  of  Preparer:  1  FOR  THE  COMMANDER: 

!  98.  JOSEPH  L.  PI0TR0WSKI  |  99.  PAUL  W.  LOSIER,  MAJ,  AV 

Project  Engineer,  AV  527-4992  '  Chief,  Plans  &  Programs  1 
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I  .’eNT  REPORT  ( AMCR  70-13) 


i .  Release  Date : 


Test  Title:  Natural  Icing  Reevaluation  | 

2-  of  the  EH-6QA  J  3* 


- - -  14  March  1989 

Tes t  Project  9  TIR  Tf 


88-06-1 


4 . 


EC-B88061004 


5 . 

Test  Agency:  AEFA 

6.  Test  Sponsor  AMCPM-AE 

I  MAJOR  ITEM  DATA 

.  - 

.  Model:  Helicopter,  EH-60A 

; 

Test  Life:  Units: 

*  L 

.  Serial" :  86-24569 

21 . 

*  'N 

.  ;;sa;;: 

: 

2  2  . 

1  3 

•  Mfr:  Sikorsky 

23  . 

'-4 

.  Conn:  \ c c ■■  : 

24.  (Not  Used) 

II  INC 

I  DENT  DATA 

“J 

■  Title  Crocked  Srcund  Plane 

' 

40.  Data  S  Tine:  1  March  1989,  1600 

3 1 

.  Subs y  s  t  e t.  : 

41.  FD/SC  Step": 

3  2 

.  Incident  3  lass:  MAJOR 

1 

42 .  FD/SC  Class: 

33 

.  C  3 :  e?  z  n v :  P.  3  D 

-3.  Char geabi I i ty :  Hardware 

34 

.  Observed  >.ri  re:  cOSt  flight  i 

nsoection 

44.  Preliminary  CA  Status:  Open 

i.  =; 
>  > 

.  Action  Take:1:  StCO  Drived 

u5.  Ased  Peso: 

-  - 

.  Tes:  environin'  :  C  u  r  j.  :  *:i 

r‘l 

-9 

.  Defective  Materiel:  See  Item 

9  T1 

I 

::  i  n'c  i  df 

NT  SUBJECT  DATA 

More  5:  :  ,,rd  -  ’  are 

60.  FGC : 

5 1 

Serial  ■  : 

1 

61.  ISA" : 

52. 

FSN'NSN: 

! 

Part  Life:  Units : 

'  3 . 

M  *■  r  •  ~  n  L,  2  ' ;  2  2  f-  •- 

l 

63. 

5  - . 

M  f  r  ?  a  r  t  : 

I 

64. 

Drawing":  6  3.'  23  6 

| 

65. 

56. 

Duantity: 

1 

66.  Next  Assy:  Honeycomb  skin 

J  •'  . 

Action:  Ins  pected 

1 

1 

67  .  Serial" : 

IV  MAINTENANCE  DATA 

70. 

Diagnostic  Clockhours: 

f 

! 

80.  Type:  Unscheduled 

7  1  . 

Diagnostic  Manhours: 

1 

81.  Level  Use:  Contrac tor/UNK 

7  2  . 

Active  Maint  C  i.ockhour  s  : 

I 

1 

82.  Level  Prsc:  AVUM 

it 

^  i 

Active  Maint  Mannours: 

! 

83.  Level  Recm:  Contractor/UNK 

V  INCIDENT  DESCRIPTION 

'1  'eserntion  of  Incident: 

Al~j 

At  t re  completion  of  a  natural 

icing  test  flight  of  1.4  hr.  duration  at  -14.0°  C  and 

H  1  n. 

3  r  J 


ar  average  L*L  of  0 .11  g/mJ,  post  flight  inspection  revealed  a  clacked  ground  plane 
none  /cent  skin.  -rhe  ground  plane  and  honeycomb  skin  form  a  sandwich  structure  which 

"hr  trM  i  '  tenna  actuator  assembly.  The  structure  is  located  at  a  fuselage  station 
; ne  of  202.53,  and  buttline  of  0,  underneath  the  transition  section. 

ij  •  :  .e  vas  noticed  during  the  psot  flight  inspection:  the  ECM  antenna  (TIR 
'  ^igr.t  pivot  switch  stud  (TIR  "  EC-888061003 ) ,  and  the  left  pivot  stud 


■one  ■ 

n  3  •' 


t  -  r  - 

-  ■  J  ■ 


'-reparer: 

■J  527-4932 


FOR  THE  COMMANDER: 

99.  PAUL  W.  LOSIER 

Chief,  Plans  k  Programs 


(Cont) 


i 


TEST  INCIDENT  REPORT  (AMCP  70-13) 

TIR  EC- 888061004 

Item  90.  (Continued) 

(TIR  »EC-888061005) . 

Item  49. 

Structure  will  remain  installed  on  the  aircraft.  After  testing,  aircraft  will 
ce  returned  to  Plight  Systems  Inc.,  a  subcontractor  of  TRAC0R  Aerospace. 
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Tisr  INCIDENT  REPORT  ( AMCR  70-13)  1  I.  Release  Dace: 

_ _ __  I 


-esc  Title:  Natural  Icing  Reevaluation 


of  the  EH-bOA 


Test  Agency:  AEFA 


14  March  1989 


Test  Project  9  ]  TIR  If 

3-  88-06-1  !  4  •  EC-888061005 


6.  Test  Sponsor  AMCPM-AE 


MAJOR  ITEM  DATA 


% 

Test  Life:  Units: 

21 . 

22. 

23. 

24.  (Not  Used) 


II  INCIDENT  DATA 


~i:le  Bent  5w:t  5tud  40 •  DaCa  6  Tine:  7  March  1989,  1600 

Subsystem:  41.  FD/SC  Step**: 

Incident  T'.ass:  MAJOR  '  42.  FD/SC  Class: 

Category:  R&D  '  43.  Chargeability:  Hardware 

Observed  Turing:  Post  fl ight  inspection44-  Preliminary  CA  Status:  Open 
Action  Taken:  Removed  45.  Asgd  Pesp: 


~est  Environment:  Natural  Icing 

Defective  Materiel:  Returned  tc  TRACOR  A ernspare _ 

III  INC  IDF NT  SUBJECT  DATA 


Units : 


:•  0  • 

Name  St 

u  d ,  Pivot 

1  60.  FCC :  EH-60A 

.  ..  • 

S  e  r  i  a  1 9  : 

!  61.  LSA 9: 

FSN/NSN : 

Part  Life: 

13. 

Mfr:  TPACOR  Aerospace 

1  63. 

"4  . 

Mfr  Par cii 

:  5  7958/ C5074725 

1  64. 

5  5  . 

Drawing'* : 

0099- E- 1449R2C1 

i  65. 

56  . 

Quantity: 

1 

66.  Next  Assy: 

Action: 

Removed 

67.  Serial #: 

IV  MAINTENANCE  DATA 


’0.  Diagnostic  Ciockhours: 

71.  Diagnostic  Manhours: 

72.  Active  Maint  Ciockhours: 

73.  Active  Maint  Manhours: 


80.  Type:  Unscheduled 

81.  Level  Use:  Contractor/UNK 

82.  Level  Prsc:  UNK 

83.  Level  Recm:  Contractor 


_ V  INCIDENT  DESCRIPTION _ 

7,j11  Description  of  Incident: 

v u  O'-  the  completion  of  a  natural  icing  test  flight  of  1.4  hr.  duration  at. -14.0°  C  and 
w,  : r  average  LWC  of  0.27  g/m^,  a  post  flight  inspection  revealed  a  bent  left  ECM  antenna 

oivot  s^.ud. 

'  'O'-  '  damage  was  noticed  during  the  post  flight  inspection:  the  ECM  antenna 

.  1-  V23S6’.  „ 0,1 ; ,  the  ground  plane/honeycomb  skin  sandwich  structure  (TIR  #EC-B88061004 ) , 

■  r  :  trm.  right  oivot  switch  stud  (EC-688061003). 


'am",  Ti‘!e  &  Phone  of  Preparer: 

■  JOSEPH  L.  P I 0TR0WSK I 

-reject  Engineer,  AV  527-4992 


FOR  THE  COMMANDER: 

99.  PAUL  W.  L0SIER 

Chief,  Plans  &  Programs 


39 


•  Release  Dace: 


TEil  i NCI  DENT  REPORT  (AMCR  70-13) 

I 

1.  Release  Date: 

16  March  1989 

Test  Title:  Natural  Icing  Reevaluation  i 
2*  of  the  EH-60A  J 

Test  Project  9  1  TIR  if 

3.  88-06-1  j  4 . EC-688061006 

5  ■  Test  Agency:  AEFA 

6.  Test  Soonanr  AMCPM-AE 

I  MAJOR  ITEM  DATA 

i 

10.  Model:  Antenna,  Direction  Finding  (DF)’ 

11.  XMlUtX  MFR  PART  *.  C5Q74121-  3 

12.  USA": 

13.  Mfr:  TRACOR  Aerospace 

It  .  Contract1* : 

Test  Life:  Units: 

21-  29.1  hours 

22 . 

23. 

24 .  (N'ot  Used) 

II  INC 

I DENT  DATA 

■'C 

.  Title  Loose  Monopole  Antenna 

40.  Data  &  Time:  13  March  1989,  1200 

j  1 

.  Subsvstem 

:  EH-60A 

41.  FD/SC  Step#: 

T 
-j  ■— 

.  Incident 

Olass:  Minor 

42.  FD/SC  Class: 

33 

.  Category: 

R&D 

43.  Chargeability:  Hardware 

3* 

.  Observed 

During:  Post  flight  inspection44.  Preliminary  CA  Status:  Open 

3  5 

.  Action  Taken:  Removed 

45.  Asgd  Fesp: 

.  Test  Envi 

roncent:  Natural  Icing 

.  9 

.  Defective 

Materiel : 

:::  incident  subject  data 

50 . 

.  •  - -  '  1 

Name  Housing  Insulator 

60.  FGC :  EH-60A,  86-24569 

51. 

Serial'': 

61.  LSA# : 

52. 

FSN/NSN : 

Part  Life:  Units: 

53. 

Mfr:  TRACOR  Aerospace 

63.  29.1  hours 

54. 

Mfr  Part": 

1951-1-4116-4 

64 . 

3  5 . 

Drawing# : 

65. 

56. 

Quantity: 

1 

66.  Next  Assy:  Housing  Ins.  &  D.F.  Antenna 

57. 

Action: 

67.  Serial# :  CS074124 

IV  MAINTENANCE  DATA 

70. 

Diagnos  tic 

Clockhours:  0.5 

80.  Type:  Unscheduled 

71  . 

Diagnostic 

Manhours:  1 

81.  Level  Use:  Contractor/UNK 

72. 

Active  Maint  Clockhours:  1 

82.  Level  Prsc:  UNK 

73. 

Active  Maint  Manhours:  2 

83.  Level  Recm:  Contractor 

V  INCIDENT  DESCRIPTION 


'■  M  Description  of  Incident: 

A r t. e **  the  completion  of  a  natural  icing  flight  at  LWC=0.33  g/m  and  a  temperautre  of 
,ne  #2  uppar  monopole  antenna  was  found  loose.  The  housing  insulator  was  disas¬ 
sembled  revealing  a  screw  insert  that  was  not  aligned  correctly  within  its  retaining 
shoulders.  The  insert  was  skewed  approximately  20  degrees  and  was  lodged  on  top  of  the 
1  decs.  The  location  of  this  insert  was  for  the  upper  monopole  element's  lower  screw 


(Continued  on  attached  sheet) 


‘acc,  Tit;!  ?  4  Phone  of  Preparer: 
98.  JOSEPH  L.  P IQTROWSKI 

P-o;r,ct  Engineer,  AV  527-4992 


FOR  THE  COMMANDER: 

99.  PAUL  W.  LOSIER,  MAU,  AV 
Chief,  Plans  &  Programs 


j  i  t 


•  -  - 


TEST  INCIDENT  REPORT  (AMCR  70-13) 

TIR  IEC-B8806I00S 

Item  90.  (Continued) 

The  remaining  3  housing  insulators  were  inspected.  Inspection  of  the  #3  dipole 
musing  insulator  revealed  a  1/64"  gap  Detween  two  screw  inserts  and  their  respective 
■staining  shoulder  channels.  The  gap  between  the  insulator  and  the  retaining  shoulder 
channel  was  not  sufficient  to  permit  the  screw  inserts  to  rotate.  The  two  remaining 
housing  insulators  on  the  left  hand  side  of  the  aircraft  were  undamaged. 

For  further  details,  see  advanced  copy/final  report,  AEFA  Project  No.  88-06-1. 
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APPENDIX  F.  PHOTOGRAPHS 


gure  No. 


Title 


F-  1 

F-2 

F-3 

F-4 

F-5 

F-6 

F-7 

F-8 

F-9 

F- 1 0 

F-l  1 


Typical  ECM  Antenna  Ice  Accretion 

ECM  Antenna  Extended  Post-Failure 

ECM  Antenna  Retracted  Post- Failure 

Damaged  ECM  Antenna  Pivot  Pins 

Damaged  ECM  Antenna  Mounting  Structure 

Damaged  ECM  Antenna  Ground  Plane 

Damaged  ECM  Antenna  Base 

Damaged  ECM  Antenna  Acuator 

Damaged  ECM  Antenna  Acuator 

Left  DF  Dipole  Antennas-Typical  Ice  Accretion 

Active  DF  Antennas-Typical  Ice  Accretion 
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Injure  F-2.  ECM  Antenna  Extended  Post-Failure  (Flight  #3) 
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■■■ 


Figure  F-3.  ECM  Antenna  Retracted  Post-Failure 
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Figure  F-5.  Damaged  ECM  Antenna  Mounting  Structure 


),ima 
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ru:  Damage 


mi; 
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HQDA  (SARD-WSA)  1 

Commander,  US  Army  Material  Command  (AMCDE-SA,  AMCDE-P, 
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